Herniation of disk material through the end plates and into the vertebral body is a relatively common pathological condition known as a "Schmorl\'s node" (SN). These nodes are usually found incidentally during imaging studies for degenerative disorders or traumatic conditions of the lumbar spine.[@JR00049-1] However, in a minority of cases, patient symptoms have been attributed to acute SN formations; these nodes are usually traumatic in nature.[@JR00049-2] Minor trauma may be the cause of SN in osteoporotic patients as the result of the weakened end plate surface microfractures.[@JR00049-1] [@JR00049-2]

Trauma-related sport injuries of the spine have been extensively described in the literature. Swimming is among the sports that may cause spinal injuries. The most common mechanism of injury involves axial loading of the cervical spine, which then causes injury to the bones and spinal cord.[@JR00049-3] However, despite the relative high frequency of traumatic SN formation, their formation has not been correlated with swimming.[@BR00049-4]

We report on a very rare case of an adolescent with acute onset of back pain during strenuous monofin swimming. There are no reports in the literature regarding the occurrence, imaging follow-up, and outcome of symptomatic acute SN associated with monofin swimming.

Case Report
===========

The patient was initially referred from another hospital, where the initial diagnosis based also on the magnetic resonance (MR) imaging examination was vertebral hemangioma. Vertebroplasty was suggested, and this was the reason for further evaluation to a tertiary medical center.

A 16-year-old male athlete presented at the outpatient clinic of our department, 1 week after the onset of a sudden, acute, lower back pain accompanied by transient bilateral leg numbness during monofin training. The pain was severe and sharp in nature, and it forced the young athlete to suspend exercise. The patient remained bedridden after this incident, and his pain did not improve over time. The pain was worse at night, and it prevented the patient from sleeping. There were no bladder or bowel disturbances noted by the patient or his family. His past medical history was unremarkable. The interview did not reveal any yellow psychological flags or any hidden benefits for the patient and his family.

During the clinical examination, the patient was in apparent agony. There was an obvious spasm at the paravertebral muscles, which were tender during palpation. Percussion over the spinous process of the L5 vertebrae reproduced his complaints. His neurological examination during the initial presentation did not correlate with his degree of distress. The muscle power in all key muscle groups was normal and equal in both sides. There were no sensory disturbances in pain sensation, light touches, or deep proprioceptive sensations. His reflexes were recorded as normal. There were no findings related to other organ systems, and laboratory examination did not yield any significant findings.

The plain radiographs of the patient showed a lucent lesion extending craniocaudally through the L5 vertebral body. A focal depression was evident in the L5 upper epiphyseal plate. The lysis was surrounded by a thin sclerotic margin, which suggested the presence of a nonaggressive lesion ([Fig. 1A](#FI00049-1){ref-type="fig"}). The MR imaging examination was also reevaluated and the diagnosis of a giant SN was suggested, based on the low-signal-intensity signal on T1-weighted and high on T2-weighted images. On T2-weighted images, there was increased signal surrounding the lesion anteriorly and to the right, in keeping with reactive bone marrow edema. This area, as well as the internal wall of the lesion, enhanced following administration of contrast medium. The lesion was associated with a dehydrated-degenerative intervertebral disk L4--L5. Thus, a final diagnosis of an acute giant SN following a fatigue fracture of the L5 superior end plate was established ([Fig. 1B--G](#FI00049-1){ref-type="fig"}).

![Imaging 1 week after injury. (A) The lateral plain film shows a lytic lesion with a thin sclerotic border (arrows). A focal depression is also evident in the L5 upper epiphyseal plate (open arrow). The sagittal (B) and axial (C) T2-weighted magnetic resonance (MR) images show a large cystic area with a low signal intensity border corresponding to a giant Schmorl\'s node (arrows). Reactive bone marrow edema is seen anterior to the lesion (open arrows). The L4--L5 intervertebral disc is degenerated (thick arrowheads). The sagittal (D) and axial (E) T1-weighted MR images and the corresponding images following intravenous contrast medium administration (F, G) show a "ringlike" enhancement within the sclerotic border (arrows) and anterior to the lesion (open arrow).](f00049-1){#FI00049-1}

The patient was treated conservatively with bed rest and nonsteroidal anti-inflammatory medication. During this treatment, he was examined at the outpatient department on a weekly basis. The pain subsided gradually 3 weeks after its onset. By week 6, the young athlete was fully mobilized and was able to return to his daily activities. He was allowed to return to his sport activities after 6 months. MR imaging was repeated 10 months after the incident ([Fig. 2](#FI00049-2){ref-type="fig"}). The parasagittal short T1 inversion recovery (STIR) and axial T2-weighted MR images showed a reduction in lesion size regarding the craniocaudal diameter, resolution of the surrounding bone marrow edema, and increased focal high signal intensity at the nucleus pulposus in the L4--L5 disc. This was consistent with partial regression of the herniated disc material. The contrast-enhanced transverse T1-weighted MR image showed persistent enhancement of the outer ring of the lesion.

![The sagittal short T1 inversion recovery (STIR) (A) and axial T2-weighted (B) magnetic resonance (MR) images 10 months after the onset of symptoms show a minor reduction of the size of the lesion and a minor increase in the signal within the nucleus pulposus of the L4--L5 disc (arrow). However, there is no surrounding edema in the bone marrow. The axial T1-weighted MR images, before (C) and after (D) contrast medium administration, show the persistent "ringlike" enhancement within the sclerotic border of the lesion.](f00049-2){#FI00049-2}

Discussion
==========

SNs are intravertebral herniations of disk material through areas of weakness into the vertebral endplate. These benign pathological entities are also known as "intraosseous disc herniations" or "Geipel hernias." They were initially described and extensively studied by Christian George Schmorl in 1927, as a potential cause of Scheuermann\'s kyphosis.[@JR00049-5] Since then, their exact role in spine pathology and Scheuermann\'s disease has remained vague.

The incidence of SN has been reported to be as high as 76% in postmortem studies.[@JR00049-6] However, population-based studies seem to present more realistic estimates of \~10 to 16% incidence in the general population.[@JR00049-1] They are predominantly found among males (54.3%) and European-Americans.[@JR00049-2] There are significant variations in the size of SNs, but their average size has been reported to be \~7 × 9 mm.[@JR00049-7] The most common anatomic site of SN occurrence is the thoracolumbar spine, especially in the central third of the superior end plate.[@JR00049-2] [@JR00049-7] Various pathogenic mechanisms have been proposed, including developmental and degenerative processes, infection, malignancy, and trauma.[@JR00049-8] The association of SN and Scheuermann\'s kyphoscoliosis has been repeatedly reported.[@JR00049-5] [@JR00049-9] Nevertheless, the exact etiology and pathogenesis of the SN remains largely unknown. Most chronic SNs demonstrate quiescent clinical symptomatology. However, the acute nodes are usually painful.[@JR00049-10] [@JR00049-11] In the clinical-radiological differential diagnosis list for SN, several benign and malignant conditions are included, including vertebral hemangiomas, multiple myeloma, and bone metastases from lungs, breast, and prostate. A proper diagnostic workup should include both detailed clinical examination and high-quality MR imaging.[@JR00049-12] SNs usually appear as irregularities of the vertebral contour or as small radiolucent lesions of the vertebral bodies that are limited by reactive sclerosis and connected to the intervertebral disk. However, in rare occasions, a node may appear as a diagnostically challenging large cystic lesion, which may be confused with other cystlike lesions of the vertebral body. Giant SNs pose further diagnostic difficulties.[@JR00049-13] The indolent natural course of SN does not justify aggressive intervention in most cases. However, there have been reports of cases that required ramus communicans nerve blocking, navigation-assisted fluoroscopic lumbar vertebroplasty,[@JR00049-11] [@JR00049-14] or anterior interbody fusion.[@JR00049-12]

For our literature review, we performed a PubMed search using the keywords "acute" or "painful" AND "Schmorl\'s node," "intraosseous disc herniation," "Geipel herniation," and "intravertebral disc herniation." The search was limited to articles written in English, but there were no temporal limitations. The gathered articles were reviewed for relevance to the keywords, and their references were further scrutinized for relevant articles. Altogether, there were 22 articles reporting on 76 patients suffering from painful SN ([Table 1](#TB00049-1){ref-type="table"}). The latter can be either acute or chronic in nature. It is worth noting that Lipson et al published the first report on a painful SN in 1985, more than half a century after Schmorl\'s initial description.[@JR00049-5] [@JR00049-15]

###### A Summary Table of the Published Studies Related to Acute Schmorl\'s Nodes (SN)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author (year)                                   No.   Age (years)     Gender    Pathology                                               Back Pain History                                                            Mechanism                                                                                     Presentation                                                               Diagnosis                                                                             Laboratory Exams             Treatment                                                       Outcome
  ----------------------------------------------- ----- --------------- --------- ------------------------------------------------------- ---------------------------------------------------------------------------- --------------------------------------------------------------------------------------------- -------------------------------------------------------------------------- ------------------------------------------------------------------------------------- ---------------------------- --------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------
  Lipson et al[@JR00049-15] (1985)                1     49              M         Painful C5 SN                                           −                                                                            −                                                                                             Progressive right neck pain                                                Tomography: lucency surrounded by sclerosis\                                          Normal                       ACDF                                                            Gradual reduction of pain in three months
                                                                                                                                                                                                                                                                                                                                                                                                Discometrics: reproduced the pain                                                                                                                                                  

  McCall et al[@JR00049-27] (1985)                8     16.4 (12--22)   6M, 2F    L1-L2: 4\                                               Paralyric scoliosis (1), Scheurmann\'s kyphosis (3), spondylo-lysis (2)      Acute vertical compression (blast explosion, motor vehicle accident, rugby injuries, falls)   Acute progressive back-pain, limited radiation to the thigh                Radiographs: end-plate fracture\                                                      −                            Conservative                                                    −
                                                                                  T12-L1: 2\                                                                                                                                                                                                                                                                                                    Discography: reproduced pain                                                                                                                                                       
                                                                                  L2-L3: 1\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
                                                                                  L4-L5: 1                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

  Kornberg[@JR00049-20] (1988)                    1     27              M         L4                                                      −                                                                            Forced lumbar flexion                                                                         Acute lumbar pain                                                          MRI: intraosseousdisc heriation                                                       Normal                       −                                                               −

  Walters et al[@JR00049-17] (1991)               1     14              F         L4                                                      −                                                                            Competitive exercise                                                                          Acute low back-pain                                                        MRI: inflammation and edema around the SN                                             −                            Conservative                                                    Improvement over four months, return to sports

  Takahashi and Takata[@JR00049-33] (1994)        5     14--81          2M, 3F    Lumbar                                                  −                                                                            −                                                                                             Low back pain                                                              MRI: T1 low intensity, T2 high intensity                                              −                            3 conservative, 2 ALIF                                          Improvement over three to four months

  Tosi et al[@JR00049-19] (1996)                  1     16              F         T12 and L1 SN leading to fibrocartilage-nous embolism   Good health                                                                  Hand-standing                                                                                 Acute back-pain, progressive paraplegia, complete sensory loss under T12   MRI: intraosseous disc herniation                                                     Normal                       Conservative                                                    Complete paraplegia

  Leibner and Floman[@JR00049-26] (1998)          1     19              M         L4 SN                                                   Fall from height before 6 years of age                                       Motor vehicle accident                                                                        Acute low back pain                                                        CT: osteolytic lesion with sclerotic margins and tunneling of the L4 vertebral body   −                            −                                                               −

  Seymour et al[@JR00049-18] (1998)               8     49 (13-63)      3M, 5F    SN at:\                                                 −                                                                            Injury related in 2/8                                                                         Acute or exacerbation of chronic back pain                                 MRI: intraosseous disc herniation with perinodal edema                                No infection or malignancy   Conservative                                                    Significant reduction of edema in 7--10 months, complete edema resolution and fatty degeneration in 18 months
                                                                                  T6 (1)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                  T9 (1)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                  T10 (3)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                                  T11 (3)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                                  L1 (1)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                  L2 (3)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                  L3 (1)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Grive et al[@JR00049-21] (1999)                 2     68 and 38       1M, 1F    T11, L3                                                 L5-S1 spondylolisthesis, plasmacy-toma                                       Dorsolubar flexion injury, physical exercise                                                  Acute back pain without sciatica                                           CT: radiolucent rim around a sclerotic area\                                          Normal                       Conservative                                                    Gradual pain reduction by the second month
                                                                                                                                                                                                                                                                                                                                                                                                MRI: low signal in T1 and high signal in T2 surrounded by edema and inflamation                                                                                                    

  Khashaba[@JR00049-31] (2000)                    1     14              F         L4                                                      −                                                                            Motor vehicle accident                                                                        Acute abdominal pain and lower spinal pain, painful flexion                CT: irregular lucent are in the VB\                                                   −                            −                                                               −
                                                                                                                                                                                                                                                                                                                                                                                                MRI: end-plate defect and intraosseous disc herniation                                                                                                                             

  Leone et al[@JR00049-29] (2000)                 1     76              F         T12-L3                                                  Pre-B acute lympobla-stic leukemia                                           −                                                                                             Chronic back pain                                                          MRI                                                                                   Lymphobla-stic leukemia      Conservative                                                    Death due to primary disorder

  Wagner et al[@JR00049-32] (2000)                14    30 (19-45)      12M, 2F   Thoraco-lumbar region                                   −                                                                            9 motor vehicle accidents, 5 ski jumping                                                      Acute low back pain without radiculopathy                                  MRI: end plate defects and marrow edema                                               −                            Conservative                                                    Improvement

  Hasegawa et al[@JR00049-10] (2004)              1     55              F         L3                                                      Recurrent low back pain                                                      No obvious injury                                                                             Acute exacerbation low back pain                                           Discography demonstrated the leakage into the VB, MRI                                 −                            L2-L3 interbody fusion                                          Improvement

  Masala et al[@JR00049-14] (2006)                23    72.5 (61--84)   7M, 16F   Chronic painful spinal SN                               −                                                                            −                                                                                             Back pain for 6 months                                                     CT, MRI                                                                               −                            Percutaneous vertebroplasty                                     18 improved, 3 did not worsen

  Crawford and Van der Wall[@JR00049-28] (2007)   1     57              F         SN at L4                                                Scheurmann\'s disease                                                        Gardening plus minor trauma                                                                   Acute back pain                                                            Bone scintigraphy: increased uptake\                                                  Normal                       Conservative                                                    Substantial edema resolution after 18 months
                                                                                                                                                                                                                                                                                                                                                                                                MRI: bone marrow edema                                                                                                                                                             

  Park et al[@JR00049-24] (2007)                  1     52              F         SN at T8                                                Mid thoracic back pain radiating to right scapula                            Fall                                                                                          Acute exacerbation of the back pain                                        MRI: Contrast enhancing lesion marrow edema                                           −                            Conservative                                                    Reduction of the edema but persistence of the enhancement at 5 and 9 months; no enhancement by the 26th month; clinical improvement

  Fucuta et al[@JR00049-12] (2009)                1     19              M         SN at T11, T12                                          Back pain for over two years                                                 Soccer player, no obvious injury                                                              Chronic progressive pain                                                   MRI, discography reproduced the pain                                                  −                            Anterior interbody fusion                                       Return to play

  Pilet et al[@JR00049-22] (2009)                 1     36              M         SN at L3 and L4                                         Long history of back pain, mini-discectomy at L5-S1 before 17 years of age   Discography-induced SN                                                                        Acute back pain, different from the pre-existing one                       MRI: subchondral bone marrow edema, no enhancement                                    Normal CRP, high ESR         Conservative                                                    Schmorl node by the 7th week; persistence of findings by the 5th month

  Wegner and Markwalder[@JR00049-11] (2009)       1     31              M         L4 SN                                                   Healthy                                                                      No obvious injury                                                                             Progressive lumbalgia                                                      MRI: marked rim of bone edema at the VB                                               −                            Orthosis followed by fluoronavigation-assisted vertebroplasty   Improvement

  Jang et al[@JR00049-23] (2010)                  1     82              M         L4 SN                                                   −                                                                            No obvious injury                                                                             Acute back pain                                                            MRI: SN with adjacent marrow edema                                                    Normal                       Rami communicantes nerve block                                  Improvement

  Mittal et al[@JR00049-25] 2010)                 1     10              M         Acute painful SN at T12 and L1                          Acute calcific discitis                                                      Yoga session                                                                                  −                                                                          MRI: SN with adjacent marrow edema and calcification                                  −                            Conservative                                                    Improvement

  Paterakis et al (2011)                          1     16              M         L5                                                      No past medical problems                                                     Monofin swimming                                                                              Acute back pain                                                            MRI: SN with adjacent marrow edema                                                    Normal                       Conservative                                                    Improvement
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M, male; F, female; CT, computerized tomography; MRI, magnetic resonance imaging; VB, vertebral body.

Our PubMed search yielded 44 patients suffering from acute SN. Acute SN can affect all age groups except for infants and toddlers. They are more common in males than females (1.8:1), and they usually occur in the thoracolumbar region, with the upper and lower end plates equally affected.[@JR00049-1] [@JR00049-2] [@JR00049-16] Patients suffering from acute SN usually present with acute back pain. They can also present as an acute exacerbation of a chronic back pain or nonhabitual pain that is different in nature from the previously existing pain. The pain can radiate to the abdomen and thighs and is usually worsened by trunk movements. The absence of radiculopathy or other neurological findings is remarkable.[@JR00049-17] [@JR00049-18] [@JR00049-19] [@JR00049-20] [@JR00049-21] [@JR00049-22] [@JR00049-23] [@JR00049-24] [@JR00049-25] The medical history of the patients is often omitted, but it may include trauma (fall from a height),[@JR00049-26] degenerative disorders (spondylolisthesis, degenerative disc disease, scoliosis),[@JR00049-21] [@JR00049-22] [@JR00049-27] congenital disorders (spondylolysis and Scheuermann\'s kyphosis),[@JR00049-21] [@JR00049-27] [@JR00049-28] or neoplasia (plasmacytoma).[@JR00049-29] [@JR00049-30]

With a few exceptions, a traumatic mechanism occurs before the formation of an acute SN. Of the 44 published cases of an acute SN, 41 patients (93%) reported some kind of injury prior to the onset of symptoms. The mechanical stress caused by the injury leads to failure of the end plates and herniation of disc material within the vertebral body. Falls, motor-vehicle accidents, and sport activities are among the traumatic mechanisms described in the literature.[@JR00049-17] [@JR00049-18] [@JR00049-19] [@JR00049-20] [@JR00049-21] [@JR00049-24] [@JR00049-25] [@JR00049-26] [@JR00049-27] [@JR00049-31] [@JR00049-32] Additionally, Pilet et al described an acute SN after lumbar discography.[@JR00049-22] Similarly, Tosi et al reported the case of a 16-year-old girl who developed complete paraplegia a few hours after performing handstands because of a fibrocartilaginous embolism from a newly formed SN to the spinal cord.[@JR00049-19]

Many diagnostic imaging modalities are included in the armamentarium of a clinician. Plain radiographs depict end plate fractures and can be used to highlight vertebral body osteolytic lesions.[@JR00049-27] Both findings can be examined in more detail with the use of spinal computed tomography, which also show the sclerotic margins of lesions.[@JR00049-21] [@JR00049-26] MR imaging is the examination method of choice because it is able to clearly show an end plate defect. Moreover, the typical finding of an SN is an intravertebral lesion of low intensity in TI-weighted images and high signal intensity in T2-weighted images. These images are representative of intradiscal herniation and a surrounding zone of edema and inflammation. Contrast enhancement is not a constant finding on MR imaging of SN.[@JR00049-17] [@JR00049-18] [@JR00049-19] [@JR00049-20] [@JR00049-21] [@JR00049-22] [@JR00049-23] [@JR00049-24] [@JR00049-25] Discography is not among the standard examination procedures because it has been surpassed by less invasive examinations. When performed, it reproduces the pain of the patient and shows the leakage into the vertebral body.[@JR00049-10] [@JR00049-27] Finally, there are reports describing increased radioisotope uptake in bone scintigraphy, but this examination is not routinely performed.[@JR00049-28] The interesting imaging findings presented herein include the surrounding bone marrow edema and its enhancement, resolution of the edema in keeping with clinical improvement, and persistence of the ring enhancement in the periphery of the lesion at the 10-month follow-up MR imaging.

The differential diagnosis list includes neoplastic and inflammatory disorders. A battery of laboratory examinations, including tumor markers and nonspecific inflammatory markers such as C-reactive protein and white blood cell count, have been measured within normal ranges in patients with SN, with the exception of the erythrocyte sedimentation rate, which has been found to be elevated in some patients, including the patient in this study.[@JR00049-18] [@JR00049-22] [@JR00049-25]

The most common treatment protocol is bed rest and analgesics. Symptoms usually resolve after a variable period of time, ranging from 2 to 6 months. Clinical improvement occurs with a gradual decrease of the vertebral body edema and inflammatory reactions. However, in some cases, the SNs do not become chronic by radiological examination until 9 months after the initial formation of the node. The last stage of an SN is fatty degeneration, which takes place 18 months after the formation of the node. At this point, the intraosseous herniation has become chronic, and the patients are allowed to fully resume their daily activities, including return to competitive sports.[@JR00049-18] [@JR00049-19] [@JR00049-21] [@JR00049-22] [@JR00049-24] [@JR00049-25] [@JR00049-27] [@JR00049-28] [@JR00049-29] [@JR00049-32] [@JR00049-33] However, there are a few reports on the surgical treatment of acute SN. Hasegawa et al described a retroperitoneal excision of an L3 SN followed by an L3--L4 Z-fusion in a 55-year-old woman. According to the authors, the patient improved dramatically immediately after surgery, was able to remove the brace after 1 month, and could fully cope with daily activities by the second postoperative follow-up.[@JR00049-10] Similarly, Fukuta et al used anterior interbody fusion to manage thoracic SN in an athlete to allow for an early return to play.[@JR00049-12] Wenger and Markwalder chose to perform navigation-assisted fluoroscopic lumbar vertebroplasty to treat a 31-year-old patient with progressive lumbalgia with good results.[@JR00049-11] Jang et al successfully treated an 82-year-old man suffering from an L4 acute SN with the use of ramus communicans nerve blocking using mepivacaine and triamcinolone.[@JR00049-23]

Conclusion
==========

SN should be considered in the differential diagnosis of elite athletes with severe back pain. However, the diagnosis is set by the characteristic radiological findings. It is worth attempting a conservative treatment with anti-inflammatory medications and bed rest until the SN turns into a chronic node before attempting more aggressive treatment modes, such as vertebroplasty or anterior lumbar interbody fusion.
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